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Since the early 1970's, the nematic to smectic-A (NA) transition in liquid crystals has been the subject of many experimental [1] and theoretical [2] studies. In spite of these efforts, this transition remains one of the most intriguing and least understood problems in the field of equilibrium critical phenomena. Most of the theoretical studies of this phase transition have been based on a phenomenological model proposed by de Gennes [3] in 1972. In this model, the smectic order is described by a bomplex scaler field 1/1' and a two-component real vector field 6n describes small fluctuations of the nematic director about its equilibrium orientation. The fields Wand 6n are coupled in a way that makes the free-energy functional invariant under a small global rotation [4] . The de Gennes free-energy functional is formally very similar to the GinzburgLandau free-energy functional for superconductors, with T playing the role of the superconducting order-parameter field, and 6n playing the role of the vector potential. This analogy with the superconducting transition has been used extensively [5] [6] [7] in theoretical studies of the NA transition. There remain, however, several important differences between the superconductor and the smectic-A liquid crystal. These differences include the absence of true long-range smectic order in three dimensions [8, 9] , the inherently anisotropic nature of the smectic phase and the presence of the splay elastic term [10] in the de Gennes free-energy functional. An understanding of whether these differences are relevant in the critical region is necessary before one can draw any conclusion about the nature of the NA transition from the superconducting analogy. Recently, there have been attempts [11] [12] [13] to describe the NA transition in three dimensions as an unbinding of Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:01987004806095700 dislocation loops. The model of interacting dislocation loops considered in these studies can be derived [14] [15] [5] used a fluctuation-corrected mean-field theory and a renormalization-group analysis near four dimensions to argue that both the superconducting and the NA transition [6] should be weakly firstorder in nature. Experimentally, however, the NA transition often appears to be continuous [1] . A possible explanation of this contradiction between theory and experiments has been provided by more recent analytic [16] and numerical [16, 17] [16] relative to the XY transition. A recent renormalization-group study [13] of a field-theoretic version of the dislocation loop model of the NA transition indicates that this transition should also exhibit inverted XY behaviour, at least for small values of the splay elastic constant Kl. However, there exist other theoretical arguments [11, 12] based on the dislocation melting mechanisni which predict anisotropic scaling [7] [20] [22, 23] that the observed value of a increases continuously with decreasing width of the temperature range over which the nematic phase exists. The NA transition is first-order in nature in materials with very narrow nematic ranges. This implies the existence of a tricritical point [22, 23] [24, 25] of a are close to the XY value. However, the asymmetry of the specific heat peak is found [24, 25] [28] and Garland et al. [24] [29] that the value of this exponent increases with increasing width of the nematic range. The critical behaviour of the stiffness constants B and D in the smectic phase has not been studied as extensively. The available data [1, 26, 27, [31] [32] [33] [35] .
Concerning the first question, I found that the ,simulations qualitatively reproduce several features observed in experiments. The model exhibits a second-order phase transition with the specific heat exponent a close to zero. The temperature-asymmetry of the specific heat peak is similar to what is observed in experiments on materials for which a -0. The correlation lengths associated with the order-parameter correlation function show anisotropic growth in the nematic phase. A peculiar feature of the experimentally observed X-ray scattering profile is reproduced in the simulation. Shortrange order-parameter correlations show a temperature-dependence similar to that observed in the experiment of reference [34] . Because 
K1°
= 0.5 is shown in the inset of figure 1. It is clear that the data points are consistent with the from of equation (15) . The size-dependence of the height of the specific heat peak is also consistent with the prediction of finite-size scaling [38] with a == 0.
However, the asymmetry parameter D appears to be rather small (= 0.25) and its sign is the same as that expected for the regular XY transition. A qualitatively similar behaviour of the specific heat near the NA transition has been observed [24, 25] The behaviour of g (k ) calculated in the simulations is very similar to the experimentally observed behaviour described above. The discrete analog of equation (18) is where and For k in the z-direction, the data for g (k) are welldescribed by equation (19) . As shown in figure 2, (19) figure 3 . It is apparent that the curvature (and consequently, the value of c) increases as T approaches T*. An explanation of this behaviour will be suggested in section 3.5 below. Here, the results for 03BE and 03BEx obtained from the fits are described. The inset of figure 3 shows the observed temperature-dependence of the ratio 03BEx/03BEx for L = 10, K1° = 0.5. The results clearly exhibit an anisotropic growth of the two correlation lengths as the transition is approached from the nematic side. Large fluctuations in the value of the susceptibility X made an accurate determination of the absolute values of 03BE||x and $ xl impossible, although the values of (03BElr)2Ix and (03BE1)2/x and therefore, the ratio 03BE||/03BE1 could be determined with fair accuracy form the fits similar to the ones shown in figure 2 and figure 3 . Because of this reason and the smallness of sample-size, I was not able to obtain any reliable estimate of the values of the exponents associated with the growth of the X-ray correlation lengths.
It is, in principle, possible to extract the values of the stiffness constants in the smectic phase form the data for g (1 ) . A harmonic « spin-wave » analysis [2, 9] predicts the following form for g (1 ) in the smectic phase : The stiffness constants, B and D, and the elastic constants, Kl, K2 and K3, appearing in equation (23) are the renormalized ones defined at long wavelengths. They are, in general, different form the « bare » ones denoted by the subscript or superscript 0. It follows from equation (22) that In the simulation, the quantities h (k ) were calculated. I tried to fit the k-dependence of h (k) to the form of equation (23) with increasing temperature, as expeted, with D always smaller than B. For T &#x3E; 0.9 T*, large critical fluctuations in 9 (I) make an accurate determination of h (k ) difficult. Also, the quality of the fit to the form of equation (23) Since, according to equation (27) , 8K3/8K2-i-)2, measurements of the temperature-dependence of this ratio should, in principle, settle the question of whether the NA transition is described by anisotropic scaling or not. In the smectic phase, equations (26b) and (26c) are modified to the form The behaviour observed in the simulations is in good agreement with equations (26) and (28) . Plots of T/Duu (kk) versus la,(k) 12 are well-described by straight lines for small values of k. At high temperatures, the straight-line fits to the data pass through the origin, whereas for T less than -1.1 T *, the intercepts at k = 0 are finite. Typical results are shown in figure 5 . Values of K1, K2, K3 and D were extracted from such fits. As expected, Kl remains equal to K° through the transition, and both K2 and K3 exhibit small but detectable enhancements in the critical region. The results for 8 Kl, , 8 K2 and 8 K3 are shown in the inset of figure 5 . There is no indication of any increase in the value of SK31SK2
as the transition temperature is approached from above. This ratio, in fact, decreases as T-&#x3E; T*. Also, the observed values of this ratio are substantially smaller than those of (g r / g l)z obtained from (26) and (27) describe the behaviour in the long-wavelength hydrodynamic (kg 1) limit. Because of the smallness of sample-size, the applicability of these equations to the results of the simulation is questionable, especially at temperatures close to T*. This is perhaps the reason why the observed values of 8 K2 and 8 K3 at T = T * are somewhat smaller than the values expected from equation (27) with 6( =..: 6'-== L/2.
For these reasons, it is difficult to draw any firm observed in the experiment of Chan et al. [34] who found that the exponent that characterizes the dependence of short-range correlations on the reduced temperature is smaller that (1-a ) . The results of this simulation, therefore, tend to support the validity of the de Gennes model, and appear to disagree with the theoretical arguments of reference [34] . This disagreement may be related to the fact that the order-parameter correlation functions are not gauge-invariant whereas the internal energy is. It is clear form equation (8) [34] as evidence for the failure of the de Gennes model. (8) reduces, via the gauge transformation of equations (10)- (12), to the isotropic lattice superconductor model of reference [16] . Therefore, in the thermodynamic limit where the restrictions A'(kz = 0) = 0 are irrelevant, the correlation functions 9s(l) should be isotropic if K° = 0). In order to eliminate this spurious finite-size effect, measurements of 9s (I) were made from simulations in which the constraints given in equations (13a) and (13b) were imposed on the allowed values of the variables A, (ri). These constraints, which are equivalent to setting Ax (kx = 0 ) and Ay (ky = 0 ) equal to zero, remove the asymmetry between the 1 1 and I directions mentioned above and restore the isotropy of gs (1 ) in the K° = 0 limit. For the L = 8 and L = 10 samples studied, the imposition of these constraints produces a 10-15 % increase in the value of T*, but does not affect the critical behaviour of gauge-independent quantities in any significant way. The qualitative behaviour of short-range order-parameter correlations discussed in section 3.4 also remains unchanged. There is, however, a significant change in the observed behaviour of the Fourier transforms of the X-ray correlation functions g (1 ) . The Fourier transforms g(k) calculated from the restricted simulations closely resemble the Lorentzian form of equation (19) figure 7 . Values of )( and es' were obtained from such fits. The inset of figure 7 shows that the observed temperature dependence of the ratio 6(161 as the transition is approached from the nematic side. Both 03BEf and ) ) change by factors of = 3 (from =1.5 to = 4.5) over the temperature range shown, whereas their ratio remains constant to within 5 % for both values of K°. From this observation, I conclude that this phase transition is described by an isotropic fixed point. This conclusion, in turn, implies [2] that the phase transition in the de Gennes model belongs in the inverted XY universality class.
I also tested the validity of the decoupling approximation used by Lubensky and co-workers [2, [18] [19] [20] to relate the behaviour of the X-ray correlation functions to that of the correlation functions in the SC gauge. This approximation consists of two parts.
For the lattice model considered here, the first part of the approximation corresponds to assuming that in the critical region in the nematic phase (and also in the entire smectic phase), the X-ray correlation function 9 (I) can be factorized as of the decoupling approximation was examined by calculating the quantities which, according to equation (36) , should be equal to S (k ) given in equation (37) . The data were found to be consistent with this expectation. The results for U(k) at T = 7.2 (L = 8, K1 = 0.5) are shown in figure 9 . The solid lines, which represent the kdependence expected form equation (37) 
